Marginal lakes are characterised by their having high biological diversity due to the presence of aquatic macrophytes in their coastal zones, providing habitats for refuge and food for animal community members. Among the fauna components associated with macrophytes, aquatic macroinvertebrates are important because they are an energy source for predators and fish. In six lakes and two different seasons (March and August 2009), the ecological attributes of aquatic macroinvertebrate community associated with Eichhornia azurea were compared and the controlling environmental factors were identified. Since the attributes of macroinvertebrate community are strictly associated with abiotic variables of each distinct habitat, our hypothesis was that each site associated with the same floating aquatic macrophyte (E. azurea) should have a typical composition and density of organisms. We identified 50 taxa of macroinvertebrates, with greater taxa richness for aquatic insects (37 taxa) divided into eight orders; the order Diptera being the most abundant in the two study periods. On the other hand, higher values of total taxa richness were recorded in August. Dissolved oxygen and pH presented the greatest number of significant positive correlations with the different taxa. The animals most frequently collected in the six lakes in March and August 2009 were Hirudinea, Oligochaeta, Hydrachnidae, Conchostraca, Ostracoda, Noteridae, Ceratopogonidae, Chironomidae, Culicidae, Caenidae, Pleidae, Aeshnidae, Libellulidae, Coenagrionidae and Nematoda. Only densities of Trichoptera, Ostracoda and Conchostraca presented the highest significant differences between lakes in both study periods and considering the composition of macroinvertebrates no significant differences were registered for macroinvertebrate composition.
Introduction
Considering the direct contact between littoral regions and the adjacent terrestrial ecosystem, the littoral zone of lakes is characterised by high fauna diversity, because it is colonised by terrestrial as well as by aquatic animals (Takeda et al., 1997) . In this transition compartment, a land-water ecotone, a mosaic of ecological niches and several food chains with all the trophic levels, can be recognised (Esteves, 2011) .
Aquatic macrophytes are one of the components of the first trophic level at the littoral zone. They are sites for feeding of fish, birds and mammals (Brendonck et al., 2003; Padial et al., 2008) and substrates for spawning, development and emergence of partially aquatic and aquatic insects (Cremona et al., 2008) . They provide food and shelter against predators for aquatic macroinvertebrates (Tessier et al., 2004) and young ichthyofauna (Sánchez-Botero et al., 2007) .
Besides their participation in food chains as producers, macrophytes provide food for herbivorous animals. Indirectly, they contribute to the trophic ecology of aquatic ecosystem, being a substrate for periphyton, a food source for invertebrates, which are an energy source for predators and local ichthyofauna.
Macrophytes are also a component of detritivory chain, since, after degradation, they are food for the detritivorous organisms (Bianchini-Junior, 2003) . Stripari and Henry (2002) , Nessimian and Henriques-de-Oliveira (2005) and Mormul et al. (2006) pointed out a positive relationship in the association of aquatic macroinvertebrate fauna with macrophytes in decomposition.
In addition to the presence of macrophytes in the littoral region supporting macroinvertebrates that live in the roots, some studies have also pointed out a positive relation between this lake compartment and zoobenthos density, as for example, in marginal lakes of the High River Paraná floodplain (Takeda et al., 1997) . This observation is evidence of the importance of the littoral zone as a permanence site for macroinvertebrates due to the nutrients dynamics, matter transformation and energy flux in aquatic ecosystems.
One of the great difficulties for biodiversity conservation is the lack of knowledge which prevents the development of actions to support conservation and management strategies. According to De Marco-Junior and Vianna (2005) , information lacks results from the inexistence of fauna inventories in many areas, which limits the knowledge of organism distribution and abundance. Due to this information, many of the tools applied to species conservation are little effective or controversial. Agostinho et al. (2005) showed that the majority of the biodiversity studies in Brazil are related to terrestrial ecosystems and that investigations of aquatic biodiversity tend to be limited to large-size organisms. It is necessary to conduct fauna surveys that also include small size animals for a better understanding of their role in the maintenance and integrity of Brazilian aquatic resources.
The aim of this work was to investigate the taxonomic composition and density of the macroinvertebrate community associated with the aquatic macrophyte Eichhornia azurea in six lakes marginal to the Paranapanema River, as well to examine the influence of environmental variables on its structure and spatial and temporal distributions.
Since the attributes of macroinvertebrate communities are strictly associated with abiotic variables of each distinct habitat, our hypothesis was that each site associated with the same floating aquatic macrophyte (E. azurea) should have a typical composition and density of organisms.
Material and Methods

Study area
This study was carried out in the municipality of Angatuba, state of São Paulo, in six lakes marginal to Paranapanema River, in the mouth zone of the tributary into the Jurumirim Reservoir (Figure 1) .
The mouth zone is a current reduction site of river water (Casanova and Henry, 2004) , and laterally, a great number of marginal aquatic environments with different hydrodynamic characteristics (Carmo, 2007) are observed. In this river -reservoir transition region, extensive permanently inundated ecosystems with different degrees of connection with lotic environment are influenced by the variability of hydrologic pulse (Figure 1) .
The respective geographical coordinates of the lakes studied, as well as some of the morphometric parameters, obtained from a satellite image in 2010 from Google Earth -version 6.0, using the UTHSCSA Image Tool Program -version 3.0, are presented in Table 1 .
Sampling and in-laboratory procedure
The aquatic plant selected for the study was Eichhornia azurea (Swartz) Kunth, a species from the family Pontederiaceae, being commonly locally known as "aguapé". The floating macrophyte presents an extensive and branched system of roots, stems and a great part of the leaves are submersed. In comparison with other macrophyte species, it provides a great diversity of microhabitats for the associated macroinvertebrate communities (Moretti et al., 2003; Mormul et al., 2006; Martello et al., 2008) .
Plant samples of three different stands of E. azurea were collected in the six lakes in March and August 2009 using a rectangular sampler with 0.1976-m 2 area. The sampled material was transferred to plastic bags containing local water and transported to laboratory for removal of the associated fauna.
Aquatic macroinvertebrates were removed after sequentially and consecutively washing the samples in three buckets containing formaldehyde at 8% and 4% and only water (Afonso, 2002) . The content of each bucket was filtered in a 250-µm mesh net and the animals were preserved in a 70% alcohol solution. Sorting was conducted under a stereoscopic microscope and identification was made using specialised references (Lopretto and Tell, 1995; Mugnai et al., 2010) . In each of the three sampling sites of each of the six lakes, water samples were also collected at the surface close to the E. azurea stands and the following abiotic variables were determined: dissolved oxygen (Winkler method, modified by Golterman et al., 1978) , pH (with a Micronal B-380 pHmeter), conductivity (with a Hach-2511 conductivimeter), total suspended solids (Teixeira and Kutner, 1962) , water temperature (with a Toho Dentam ET-3 thermistor), and transparency (by a Secchi disk).
Data analysis
Firstly, mean (N = 3) and standard deviation of abiotic and biotic variables of each lake were computed. In order to examine statistically significant differences (p < 0.05) between the attributes of macroinvertebrates fauna associated with the plant and abiotic variables of the studied lakes in the two sampling periods, Kruskal-Wallis non-parametric variance analysis was made and completed with the Tukey test (when significant differences were found) using the Sigma Plot.11 program, when the premises of normality and homocedasticity were no verified.
Next, principal component analysis (PCA) was carried out using the PC-ORD 4.14 program. The analysis was conducted in order to determine abiotic variables having the greatest significance in this study and to obtain the ordination of variables between lakes and study periods considering the mean values (N = 3) of each lake.
To obtain the significant correlations between the densities of macroinvertebrates associated with the plants in each lake and the abiotic variables, a Spearman correlation matrix was made using the Statistica 7 program (Statsoft 2009).
All the statistical tests were carried out using log (x + 1) transformed data, except for pH values.
The density of macroinvertebrates was computed from the total count of individuals in the sample and was expressed by unit area (m 2 ), and dominance in the macroinvertebrate community in the studied lakes was determined using the Simpson dominance index (Odum and Barrett, 2007) .
Results
Abiotic variables
Mean annual precipitation was 1,224.5mm in the period from 1999 to 2008, and during the period of our study (2009) it was 1,887.6mm. Distribution of monthly precipitation during the year showed that the accumulated total in July 2009 (month prior to the second sampling) was approximately three times higher than the historic monthly mean between 1999 and 2008 ( Figure 2 ). Thus, it can be concluded that 2009 was an "atypical" year in relation to rainfall. Considering the hydrometric levels variation between seasons, a difference of 0.86 m (566.43 and 567.29 m, in rainy and dry periods respectively) was observed.
Dissolved oxygen in water, total suspended solids, electrical conductivity and pH presented the highest values in August 2009 ( Figure 3 ). Kruskal-Wallis analysis, completed with the Tukey test, pointed out that seasonal and spatial significant differences (p < 0.05) existed for all the environmental variables, especially for water temperature, dissolved oxygen, and total suspended solids ( Figure 3) .
Principal component analysis (PCA), involving abiotic variables of the six lakes measured in March and August 2009, explained 62.0% of data variance (axis 1: 38.9% and axis 2: 23.1%). Graphic ordination originated after the analysis showed a clear distinction between the studied lakes in the two periods of the year (Figure 4 ). Considering the greater percentage of data variance explanation and the highest positive correlation of pH and dissolved oxygen with axis 1 (Table 2) , these variables were the best explaining parameters of the ordination of lakes and periods in the analysis.
Macroinvertebrates community associated with E. azurea
Taxonomic composition, occurrence constancy and dominance
Higher values of taxonomic richness were recorded in August and from a total of 50 taxa identified, the most frequent with 100% of occurrence were Hirudinea, Oligochaeta, Hydrachnidiae, Conchostraca, Ostracoda, Noteridae, Ceratopogonidae, Chironomidae, Culicidae, Caenidae, Pleidae, Aeshnidae, Libellulidae, Coenagrionidae and Nematoda.
Total taxa richness was higher in August than in March in all the sampled sites, the greatest value being recorded in Lakes Ivo and Poço das Pedras. Conversely, the Simpson dominance index presented higher values in the majority of the lakes in March than August ( Figure 5 ).
Density
The mean total density of macroinvertebrates in March was higher in Poço das Pedras Lake (12,088 ind.m -2 ) and ), while in August the highest mean total density was recorded in Sete Ilhas Lake (14,293 ind.m -2 ) and the lowest in Coqueiral Lake (6,280 ind.m -2 ) ( Figure 6 ). In both periods, the Class Insecta was the most abundant, followed by the Phylum Crustacea and the Class Clitella. Other taxa were little abundant, presenting different numeric participation in the six lakes (Figure 7) .
In March, the order Diptera predominated over the remaining orders of aquatic insects, being Chironomidae the taxa with the highest density of dipterans (Figure 7) . In same period, the order Odonata had also an important contribution, being followed by Diptera, a more abundant order in Lakes Ivo (391 ind.m ) and Barbosa (285 ind.m -2 ). Little abundant insects were from orders Lepidoptera and Collembola.
In August, the components of order Diptera were also the most abundant organisms and Chironomidae predominated in all the studied lakes; densities ranged from 3,656 ind.m -2 (Ivo Lake) to 7,554 ind.m -2 (Sete Ilhas Lake). Besides Chironomidae, Cerapotogonidae, pupae of Diptera and Culicidae showed high abundance, in this decreasing order.
In relation to the other orders of aquatic insects, the most abundant were Trichoptera (1,162 ind.m -2 ), Ephemeroptera (1,108 ind.m -2
) and Odonata (287 ind.m -2 ) in Sete Ilhas Lake, while the lowest densities corresponded to orders Ephemeroptera (203 ind.m -2 ) and Odonata (116 ind.m -2 ), recorded in Coqueiral Lake, ), in Carmo Lake.
Order Collembola was the least abundant, but comparing the two studied periods, in August abundance was higher (Figure 8 ).
Ostracoda and Conchostraca were the Crustacea taxa identified in this study. Ostracoda was the most abundant taxa considering temporal and spatial variations, except in one lake, Sete Ilhas Lake. In this environment, the densities of Ostracoda ranged from 81 (March) to 455 ind.m -2 (August), while those of Conchostraca were 1,648 and 1,690 ind.m -2 , respectively. Clitellata was represented by the subclasses Hirudinea and Oligochaeta. Organisms from Oligochaeta were the most abundant in the six sampled lakes in both periods. The highest density was recorded in Ivo Lake in August (1,306 ind.m -2
). For Hirudinea, the abundance (142 ind.m -2 ) was also the highest in Carmo Lake in August.
In relation to Superorder Acariformes, mean densities varied between lakes and periods. Hydrachnidiae presented the highest abundance in all lakes and periods. Spatially, the highest value was found in Lake Poço da Pedra (135 and 309 ind.m -2 in March and August, respectively). Considering the class Gastropoda, Planorbidae was the prominent taxa. In March, the highest density was recorded in Ivo Lake (592 ind.m ). For the bivalves of family Sphaeriidae, the highest densities were found in Barbosa Lake (401 and 275 ind.m -2 in March and August, respectively).
Water dissolved oxygen and pH presented a great number of positive correlations with the different taxa ( Table 3) . Richness also showed a positive correlation with pH and dissolved oxygen. Conversely, dominance of macroinvertebrates community associated with E. azurea correlated negatively only with dissolved oxygen.
Caenidae was the taxa that presented the highest number of correlations with the environmental variables. Considering the taxa of greater importance in the present study, Chironomidae presented a positive correlation only with water transparency and Oligochaeta, a negative correlation only with water temperature.
In terms of the variation of total density of the main macroinvertebrates between the lakes in the two periods, the Kruskal-Wallis analysis pointed out significant differences (p < 0.05) for Ephemeroptera, Hemiptera, Lepidoptera, Trichoptera, Conchostraca, Ostracoda and Nematoda. After the Tukey test, it was verified that the taxa with the highest significant differences between lakes in the periods studied were Trichoptera, Ostracoda and Conchostraca (Table 4) .
Discussion
According to Henry and Costa (2003) , intensity and frequency of inundation pulses in marginal lakes are related to the localization of lentic ecosystems in floodplains and to the degree of connection with rivers. Such factors affect the limnological characteristics of these sites, considering that marginal lakes are very susceptible to flood and drought events.
The present study was carried out during an "atypical" year, considering the precipitation regime. Despite the peculiar rainfall regime in 2009, an influence of hydrometric level variation was detected, especially in August, after a high rainfall in the previous month. Although the great water volume accumulated in the Jurumirim Reservoir can act as a buffer system to lateral inundation of the Paranapanema River, differently from natural floodplain systems (Henry, 2005) , Granado and Henry (2008) showed that, in the same studied region, abiotic changes of water in marginal lakes are affected by the variation of hydrometric levels. Thus, inundations caused by flood events modify the metabolism of marginal ecosystems as well as of inhabiting aquatic organism communities (Tundisi and Matsumura-Tundisi, 2008) .
Taxa richness of macroinvertebrates associated with E. azurea presented the highest values in all lakes in August, when the degree of connection of the marginal lakes with the Paranapanema River was high, due to the influence of the hydrometric levels as a result of the increase in the water lateral inflow from the river. In August, the better oxygenation of water, when compared with March values, and pH near neutrality were probably the key factors favourable to the occurrence of a great number of macroinvertebrate taxa, as shown by the Spearman correlation analysis. In August, the E. azurea stands presented individuals in senescence phase. This occurrence originated many micro-habitats and the enlargement of ecological niches for macroinvertebrates, because the decomposition detritus released provided food resources for the detritivorous chain. During the degradation process, an immediate reduction in the amounts of polyphenols stored in the tissues of E. azurea occurred and the remaining plant matter became more palatable for the macroinvertebrates (Stripari and Henry, 2002 Dajoz (2005) proposed that "perturbations with low amplitudes increase environment heterogeneity and can produce an increase on communities diversity". The rainfall regime in 2009 caused a natural instability that altered the habitats and thus modified the richness of biota present. According to Lake (2000) natural disturbances caused by variations in water level have great influence on environmental variables and the biota, causing changes in the composition of species.
In addition, McCabe and Gotelli (2000) found a gradual increase in richness associated with disturbance intensity in a study on the impact of physical disturbance on the colonisation of macroinvertebrates in artificial substrates.
Considering that in this study the substrate of the macroinvertebrates consisted of aquatic macrophytes, the uncommon rainfall in July, a month of dry season, probably caused a disturbance in the natural substrate, resulting in higher taxa richness in August when compared to March. Stenert et al. (2003) after evaluation of inundation pulse effects on macroinvertebrates community during an annual cycle in the Low dos Sinos River (Rio Grande do Sul, Brazil). The authors reported that both macroinvertebrate richness and density varied in a marginal lake during the studied period. However, the authors observed that the ecological attributes appeared not to be influenced by flood duration, but that modifications occurred after the inundation, since macroinvertebrate richness and density were higher after the flood event. Trend on an increase of macroinvertebrate density and richness after a flood of long duration was also observed in lakes lateral to the Paranapanema River. Higher values of macroinvertebrate taxa richness and total mean density occurred one month after intense rainfall that affected the natural dynamics of the river water inflow into marginal lakes. Tawari-Fufeyin et al. (2008) , in a study of macroinvertebrates associated with Eichhornia natans, found the highest taxa richness in rainy season, when the nutrients (nitrate and phosphate) presented the highest concentrations.
In present study, the fauna associated with E. azurea in lakes marginal to the Paranapanema River predominated in both periods in class Insecta. Insects use macrophytes as substrates for spawning, development and emergency and are abundant and diversified when living together with aquatic plants. Thomaz and Cunha (2010) verified that changes in community composition, as well as abundance and richness, are influenced by some factors, such as availability of shelters against predators and feeding sites. Poi de Neiff and Neiff (2006) pointed out that other factors are related to macroinvertebrate taxa richness on aquatic plants, such as the macrophyte morphology and texture, light penetration, water circulation, substrate for colonisation by periphyton and ability of retention of particulate organic matter.
Other important factors for the high taxa richness associated with macrophytes are microorganisms, invertebrates and young and small size ichthyofauna components living on roots of aquatic plants, which constitute a food resource for macroinvertebrates and predator fish. Thus, a great number of taxa can be attracted to macrophyte stands, increasing the richness in these sites (Thomaz and Cunha, 2010) . The extensive fascicled roots of E. azurea can promote a great retention of particulate organic matter and detritus accumulation, favouring the presence of collector animals (Trivinho-Strixino et al., 2000) . These macroinvertebrates are food resources for predators. Chironomidae larvae predominated in the six sampled lakes in the two study periods and, together with Oligochaeta, may have attracted other animals on macrophytes stands, contributing to increase the taxa richness. The dominance of Chironomidae associated with macrophytes was also observed by Bogut et al. (2007) , Souza-Franco et al. (2009 ), Silva et al. (2009 ), Albertoni and Palma-Silva (2006 , Moretti et al. (2003) , Prellvitz and Albertoni (2004) and Peiró and Alves (2004, 2006) . Callisto et al. (2002) reported that Chironomidae has ample distribution in the world and actually are the most numerous family of aquatic insects in freshwater environments.
In the fauna associated with E. azurea in the lakes lateral to the Paranapanema River, the second group in importance in the two periods was constituted by Crustacea and Annelida, being dominated by the Ostracoda and Oligochaeta taxa, respectively. Similar results were obtained by Thomaz et al. (2008) in a study of lakes lateral to the Paraná River. Alves and Gorni (2007) , studying oligochaets associated with submersed macrophytes in two reservoirs of São Paulo state, concluded that aquatic plants provide a good substrate for a rich and abundant fauna. Mormul et al. (2006) also verified that during the decomposition of E. azurea and Polygonum ferrugineum, Oligochaeta was the predominant taxa, after Chironomidae in the succession of invertebrates.
However, Higuti et al. (2009) mentioned that the Ostracoda organisms are also abundant in the invertebrate communities associated with macrophytes in Neotropical region. These macroinvertebrates use macrophytes as a substrate for spawning and sites of protection against predators and feeding (Mormul et al., 2010) , ingesting algae and detritus through water filtration (Gooderham and Tsyrlin, 2009) .
Food supply may also have been affected by the high abundance and richness of other aquatic macroinvertebrates taxa recorded in this study, because morphological characteristics of E. azurea, such as stems with long roots and leaves in contact with water increase the colonisation area by periphyton and the retention of particulate organic matter. These two components are the main food supplies for the majority of the aquatic macroinvertebrates. Thus, the structural complexity of E. azurea roots together with the food supply may have contributed to the colonisation and maintenance of the high richness and abundance of macroinvertebrates observed in the present study.
Knowledge of the biology and ecology of aquatic macroinvertebrates is important for the preservation of biodiversity in continental aquatic ecosystems, since these animals are relevant indicators of priority areas for conservation measures, considering that they are good bioindicators of water quality. Selection of such invertebrates can help in the evaluation of environmental impacts that compromise the ecological integrity of ecosystems. Thus, aquatic macroinvertebrates are extremely useful to complete the information necessary for the protection and recovery of continental aquatic ecosystems, as well as the maintenance of biodiversity in such sites.
